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The immunologic nature  of homograft rejection is well  established  (1,  2). 
The antigen in this reaction is contained in the cell nucleus  (3, 4) and more 
specifically  in  nuclear  deoxyribonucleic  acid,  as  suggested  by  Medawar  in 
1946 (5) and shown experimentally by Billingham et al. in 1956 (6). The type 
of antibody involved in graft rejection, or better the part played by humoral 
and cell-bound antibodies in destruction of homografts, is less clearly defined. 
Although humoral  antibodies against  homografts can be detected in animals 
of several  species  that  have  recently  rejected  tissue  homotransplants  (7-9), 
such antibodies are usually considered to play a minor  (if any) role in homo- 
graft rejection (1, 2,  10, 11). The weight of evidence apparently suggests that 
cell-bound antibodies are primarily responsible for homograft rejection (12-15). 
Yet, a series of observations would favor the view that humoral antibodies may 
also be significant  in this respect. 
(a)  Subjects with agammaglobulinemia fail to reject skin homografts  (16,  17)  although 
they are capable of developing delayed immune  responses (17, 18). Patients with hypogamma- 
globullnemia  will reject skin homografts, but require a longer period than normal subjects to 
do so (17). 
(b)  Woodruff (13) observed that homografts placed in millipore chambers within the host, 
and therefore subject only to humorai influences, were destroyed sooner when they came in 
contact with the cells of the host than homografts that had not been sensitized by humoral 
factors. 
(c) Isolated,  viable  epidermal  cells  placed  in  contact  with serum sensitized  against  them 
failed  to  grow  when rcturued  to  an  appropriately  prepared  donor's  bed (19). 
(aT)  Early reports  (12,  13, 20, 21) of  experiments  with diffusion  chambers indicated  that 
homologous cells  were not destroyed  in  immunized hosts  unless  host  cells  had access  to the 
chamber. More reccntly,  however, Amos and Wakefield (22)  and Algire  (23),  working with 
tumor  cells,  have  shown  that  grafts  grown  in  cell-impenetrable  chambers  arc  destroyed  rapidly 
in  immunized hosts. 
(e) Although there  seem to be at least  four  different  types of antibody  activity  in the 
serum  of  animals  bearing  homograffs (24),  cytotoxic  antibodies  appear as  those  more  directly 
related  to  rejection.  These  antibodies  will  destroy  the  cells  responsible  for  their  formation  as 
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well as other elements with identical genetic structure (25). In vitro studies of this phenomenon 
have been published by Stetson and Jensen (24), Terasaki et al.  (25, 26),  Merrill et al.  (27), 
and others  (28). Their results are in opposition, perhaps because of different techniques, to 
those previously reported by Medawar (29) and Allg6wer et  al.  (30). Jensen and Stetson (31) 
believe that  hemagglutinating and  cytotoxic activities of isoimmune sera  represent  mani- 
festations of a single class of antibodies, capable of agglutinating donor cells or of sensitizing 
them for complement lysis. 
(f)  Passive transfer of humoral antibodies has been used to test their effect in homograft 
rejection in vivo.  Negative results in mice bearing skin homografts and injected with pooled 
antiserum  prepared  in other mice, members of the  same  inbred  strain, were reported  by 
Billingham et al. (3, 33). Stetson and Demopoulus (32) showed that while systemic administra- 
tion of isoimmune serum to mice bearing established homografts was without effect, the local 
injection of such serum produced breakdown of the homograft. Stetson and Jensen (24) gave 
intravenous injections of antisera  of high cytotoxic activity to mice with skin homografts 
from mice whose cells were destroyed  in  vitro  by  such  antibodies without  observing any 
difference in the test grafts.  Nevertheless, when the injection of antisera was followed by 
local application of bromobenzene or xylene on the graft, rejection occurred in the painted 
areas.  These authors attribute  their results to the breakdown  of hypothetical "blood-graft 
barrier" (34). 
(g)  Harris et al. (35), working with transfer of homologous lymph node cells in rabbits, ob- 
served that suppression of transferred lymphoid elements occurred regularly after injection of 
serum pooled from groups of rabbits which had been injected with leukocytes pooled from 
the blood of 60 to 70 rabbits. Recently, Garver and Cole (36) reported that specific antisera 
prevented  the protective effect of homologous bone marrow  transplantation  in lethally ir- 
radiated mice. 
(h)  An  extensive literature is available on the in vitro and in vivo cytotoxic effect of anti- 
tumor humoral antibodies (37).  Of special interest here is the repeated observation that re- 
sistance to tumor growth can be passively transferred by isoimmune serum. 
In this paper a  series of experiments is reported in which the role of humoral 
antibodies  in skin homograft  rejection has  been studied by passive transfer  of 
immune  serum  to  cortisone-conditioned  and non-conditioned  rabbits  bearing 
skin grafts of donors to which the serum was previously sensitized. 
Materials  and Methods 
The experiments were carried out in rabbits with an average weight of 1500 gm. The rabbits 
were obtained from various colonies in order to insure absence of inbreeding. All homografts 
performed in these experiments consisted of square full-thickness skin grafts measuring  2 cm 
by side; they were always placed on the back of the hosts and maintained there with a con- 
tinuous cotton suture. 
The general design of the experiments is depicted in Text-fig. 1. In the first stage of the 
procedure skin homografts were exchanged between pairs of donor rabbits. 5, I0, and 15 days 
after grafting the animals were bled from the marginal vein of the ear after intramuscular in- 
jection of 1000 u of sodium heparin.  Approximately 25 cc of blood was obtained every time 
from each rabbit. Sera obtained from the three bleeding sessions from the same animals were 
separated by centrifugation, pooled, and stored at 4°C in sterile containers. 
The second stage of the procedure consisted in grafting skin from rabbits used in the first 
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started on 5 mg of cortisone  I every other day, with half the doses given intramuscularly  and 
the other half locally (38).  The other group received no cortisone. The steroid was  given in 
order to depress the host's immune response  and prolong the survival of homografts  (39). 
Caudally to the problem-skin homograft a control-skin homograft was placed in each animal, 
obtained from donors which were not used in the first stage of the procedure. Both skin grafts 
were placed simultaneously on the back of the host under general ether anesthesia, separated 
by a I cm bridge of tissue. All operated animals received 50,000 u of penicillin every other day 
throughout the experiment. 
T~xT-FIo. 1. General design of experiments. See text for description. 
The immune serum was given by two different routes,  namely systemic and local. For 
systemic administration 5 cc of undiluted serum were given intraperitoneally at the time of 
grafting, and 5 and 10 days later. Local administration of serum was carried out at the time 
of grafting and 5 days later, in the form of subcutaneous injections of 0.75  cc of undiluted 
serum in the bridge of tissue separating the two grafts. This 10:1 ratio of systemic to local 
doses has been suggested as adequate for transfer studies  (40).  Local administration of im- 
mune serum (24, 33) was included in these experiments because of the possibility of failure of 
systemic administration due to factors such as dilution, initial low concentration of antibodies, 
or local circulatory blocking by the "blood-graft barrier" (34). Obviously, the serum given to 
an animal was the one supposed to carry antibodies against the problem-skin graft. 
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Thus, cortisone-treated and untreated hosts bearing problem-skin and control-skin homo- 
grafts received serum of animals sensitized against problem skin. Differences in the time of 
rejection of problem skin, as compared with control-skin homografts, would indicate specific 
participation  of passively transferred humoral antibodies. Simultaneous earlier rejection of 
both  homografts in rabbits given immune serum, as compared with animals receiving no 
humorai antibodies  (donors of skin homografts in the first stage of the procedure), would 
suggest a non-specific  role of serum factors in homograft rejection. 
Evaluation of results was based on both gross and microscopic changes. The latter were 
examined only in a smaU  group of animals specially prepared for this purpose since it was con- 
sidered undesirable to interfere with the spontaneous course of homografts by repeated biop- 
sies. Daily observations of grafts were tabulated according to the following  features: (a) con- 
sistency, (b) preservation of healthy edges, (c) mobility on underlying tissues, (d) color, (e) 
temperature, (f) hair, and (g) size. Special emphasis was placed on the first five characteristics, 
which were soon appreciated to reveal the earliest stages in the onset of rejection. According 
to Dammin (41) microscopic examination of homografts was carried out in this series at a 
critical day, when gross features of rejection were fully established. This was found to be repre- 
sented by 5-day-old homografts in cortisone-conditioned rabbits with locai serum application. 
Therefore, four animals were prepared under these conditions, the homografts and surround- 
ing tissues were removed and fixed in 10 per cent formalin, and small blocks were embedded 
in paraffin, cut at  10 tt and stained  with hematoxylin eosin and GSm6ri's aldehyde fuchsin 
method for elastic fibers. 
Tabulation of results was carried out considering the day after  grafting when most gross 
features of rejection were present. It was found that as soon as the first signs of rejection ap- 
peared all others became visible 24 to 36 hours later, so a possible deviation of 1 day should 
be admitted. Actual elimination of homografts was very variable and depended on accidental 
tearing or other conditions unrelated to immune rejection. When the number of animals avail- 
able permitted it, differences in time of rejection between the various groups were tested for 
statistical significance  on a t table at a p level  of 0.01. 
RESULTS 
The day of rejection for each animal in these experiments appears in Table I. 
Average results with standard deviations for the various groups are graphically 
shown in Text-fig. 2.  The average rejection time of skin homografts in donor 
rabbits  was  8.0  days.  Control-skin homografts  in  non-conditioned animals 
treated with intraperitoneal immune serum were rejected in an average of 8.3 
days, and those of non-conditioned animals given serum locally showed rejec- 
tion in an average of 7.7 days. It was postulated that the differences between 
the latter two results were not significant, so they were averaged and 8.0 days 
was considered as the critical day of rejection for control homografts in these 
experiments, a figure in close agreement with results in untreated donor rabbits. 
Problem-skin homografts  in  non-conditioned animals  treated  with  intra- 
peritoneal immune serum were rejected at 6.3 days, but the difference with 8.0 
days was not tested statistically because of the small number of animals. In 
non-conditioned rabbits receiving immune serum  locally the  critical day  of 
rejection was  4.0  days,  but again the  number of  animals was  too  small for 
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TABLE  I 
Critical  Day  of  Homogra/t R~jection 
A.  First  Stage of  the  Experiment 
Controls 
(donors) 
A 
B 
C 
D 
E 
F 
G 
H 
B.  Second  Stage of  the  Experiment 
Critical day of rejection 
Non-conditioned 
Conditioned 
Animal group 
Systemic serum 
Local serum 
Systemic serum 
Local serum 
Animal No. 
Control graft 
1  8 
2  9 
3  8 
4  8 
5  7 
6  8 
7  14 
8  10 
9  10 
10  9 
11  11 
12  13 
13  12 
14  13 
15  13 
16  12 
17  4 
18  9 
19  10 
2O  8 
21  11 
22  10 
23  10 
24  11 
25  11 
26  11 
Problem graft 
14 
9 
10 
9 
10 
13 
12 
12 
12 
12 514  HUMORAL  ANTIBODIES 
a 
iii 
Z 
0 
I,- 
Z 
0 
ID 
i 
Z 
0 
Z 
U3 
r~ 
0 
Z 
0 
I 
On., 
OU.J 
-..It/') 
0 
=1 
o 
o  bc 
o 
...e, 
o 
0 
..,.e, 
6 
"S 
,-  o=  I.--  LL 
LL 
7 
z  ~_  o 
o  w 
co  ~  -J  bc 
DN? 
N 
b~ 
0 
I.--  ~  (.0  0 
cDn~ 
OW 
.u~ 
F-  w 
U~  ¢0 
I  I  I  I  I  I  I  I  I  I 
0 
9NII~V~9  ~31~V  SAVO 
1  I  I  I 
LI_  -J 
zZ R. R. KRETSCHM-ER AND R. PEREZ-TAM_AYO  515 
Control-skin homografts in cortisone-conditioned animals treated with sys- 
temic immune serum were rejected in an average of 11.7 days, while those of 
cortisone-conditioned rabbits  given  serum  locally revealed  rejection  at  9.5 
days. These data failed to be significantly different, so the average of 10.6 days 
was compared with the figure of 8.0 days obtained from non-conditioned ani- 
mals. This difference proved to be significant at the level of p  =  0.01, showing 
that conditioning had been effective in prolonging survival of skin homografts. 
Problem-skin  homografts  in  cortisone-conditioned  animals  treated  with 
intraperitoneal injections of immune serum revealed their critical day of rejec- 
tion at 11.4 days, which was almost the same as for control-skin homografts in 
both  conditioned  groups.  On  the  other  hand,  problem-skin  homografts  in 
cortisone-conditioned animals given immune serum locally were rejected at an 
average of 4.6 days, which was significantly different from the average of 10.6 
days found for control-skin homografts. 
Microscopic examination of both control- and problem-skin homografts in 
cortisone-conditioned rabbits given immune serum locally and followed for 5 
days after grafting revealed the following differences: control homografts were 
better preserved, showed little or no vascular thrombosis, acute inflammation 
and necrosis were almost absent, and epithelial cells were clearly visible. Prob- 
lem-skin homografts, on the other hand, showed almost complete obliteration 
of structure, many thrombosed vessels, and intense inflammation and extensive 
necrosis; the epithelium was barely distinguishable as a darker layer on top of 
the homogenized and destroyed dermis (Figs. 1 and 2). 
DISCUSSION 
The results of this work indicate that in rabbits in which the immune re- 
sponse has been delayed by cortisone, rejection of skin homografts is accelerated 
in a  highly significant manner by the local administration of serum obtained 
from animals  immunized against  the  graft.  In  non-conditioned rabbits  the 
situation seems to be similar, although the number of animals used was too 
small for statistical analysis. Acceleration of rejection of homografts was not 
observed  when  the  serum  was  given  Jntraperitoneally.  Failure  of  systemic 
immune serum administration may be due to several causes: first, it may be a 
factor of dilution, brought about by mixture of the immune serum with the 
circulating fluids of the host; second, antibodies may exist in a very low titer 
to begin with; third, antibodies may exist in adequate concentrations but are 
unable to reach the graft because of local circulatory difficulties, such as de- 
scribed by Amos (34).  Finally, antibodies may exist in low titers, dilution and 
circulatory blockade participating in different degrees to lower their concentra- 
tion below effective levels for rejection. Perhaps adequate preparation of serum 
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antibodies in immune serum and the different reasons for their failure can be 
overcome. 
It has been shown beyond reasonable doubt that cell-bound antibodies are 
at least partly responsible for the homograft rejection phenomenon (12-15). The 
present experiments seem to prove that in the  skin-homograft-rabbit system 
humoral antibodies also play a  definite role in rejection of homografts.  It is 
therefore permissible to suppose that homograft rejection is the result of the 
interaction of both  types of antibodies.  Extreme situations,  in which  there 
seems to be complete lack of either of the two forms of antibody, result in 
tolerance of homografts. Agammaglobulinemia would represent an instance of 
absolute humoral deficiency (16,  17) while Algire's early millipore experiments 
(12) would provide examples of complete absence of cell-bound antibodies. In 
any of these situations, addition of the missing element will result in homograft 
rejection, as  in hypogammaglobulinemia, where  there appear  to  exist small 
amounts of humoral antibodies, or as in Woodruff's experiment (13) with milli- 
pore chambers, where destruction of homografts was accelerated when cells of the 
host came in contact with foreign tissues previously exposed to immune serum. 
The present work represents a successful passive transfer of humoral antibodies 
to rabbits  in which the immune response  had been depressed by cortisone, 
which thus recovered their full ability to reject specific  skin homografts. On 
the other hand, transfer of sensitized lymph node cells to animals with acquired 
tolerance/or skin homograft will reestablish their capacity to reject otherwise 
tolerated grafts (42).  This experiment, however, fails to discriminate between 
the effects of both types of antibodies, since sensitized lymph node cells are 
chiefly lymphocytes, which have been shown to be involved both in the syn- 
thesis of humoral antibodies (43-45)  and to carry cell-bound antibodies (46, 47). 
The possibility of achieving passive transfer of specific anti-homograft humoral 
antibodies by means of sensitized lymphoid cells  within millipore chambers 
introduced into conditioned hosts is presently under study in this laboratory. 
SU'M~RY 
Gross and microscopic observations of skin homograft rejection carried out 
in  cortisone-conditioned and  non-conditioned rabbits  seem  to  indicate  that 
humoral antibodies play an important role in the phenomenon. Thus, local ad- 
ministration of isoimmune serum to animals bearing skin homografts resulted 
in a significantly earlier rejection of that particular test graft without modifying 
the course of a neighboring control-skin graft. This result appears to support 
the idea that homograft rejection is not only due to cellular antibodies but to 
a  combination of both humoral and cellular immune responses, which should 
not be regarded as completely unrelated. 
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EXPLANATION OF PLATES 
PLATE 48 
FIG. 1 A. General aspect of control-skin homograft in cortisone-conditioned rabbits 
given immune serum locally and followed for 5  days after grafting. There is slight 
disruption of dermal collagen fibers and minimal inflammatory infiltration near the 
smooth muscle. A blood vessel without thrombosis can be seen in the lower portion 
of the photograph. The  epithelium is clearly discernible.  ×  120.  Hematoxylin and 
eosin. B. A closer view of the upper dermis and epithelium of the same skin graft as in 
A. Smooth muscle fibers and individual epithelial cells can be easily identified, as well 
as the nuclei of connective tissue cells. ×  240.  Hematoxylin and eosin. TIIE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 114  PLATE  48 
(Kretschmer and Pdrez-Tamayo: Humoral antibodies) |)[.ATE 49 
FIG.  2  A.  Problem-skin homograft ill cortisone-conditioned rabbits given immune 
serum locally and followed for 5 days after grafting. This is the same animal used for 
Fig. 1.  Dermal collagen  bundles are fragmented and basophilic.  No nuclei are visible. 
In the deep  dermis there are polymorphonuclear leukocvtes infiltrating lhe muscle. 
The epithelium is almost entirely erased.  X  120. Hematoxylin and eosin.  B.  Higher 
magnification of A. Absence of connective tissue nuclei, fragmentation and I)asophilia 
of  collagen,  and  necrosis  of  epithelium are  readily apparent.  ×  240. Hematoxylin 
and  eos-n. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  114  PLATE  49 
(Kretschmer and P~rez-Tamayo: Humoral antibodies) 